Explaining socioeconomic inequality in mortality among South Koreans: an examination of multiple pathways in a nationally representative longitudinal study Young Background South Korea has a different cause-specific structure of mortality compared with North America and northern European countries where studies on pathways to socioeconomic mortality inequalities have been performed. We examined the ability of multiple pathways to explain socioeconomic differentials in all-cause mortality in South Korea.
Methods
The 1998 National Health and Nutrition Survey data of South Korea were linked to data on mortality. The socioeconomic position (SEP) indicator was household income. Twelve variables represented biological risk factors (body mass index, systolic blood pressure, cholesterol, and glucose), health behaviours (smoking, alcohol consumption, and regular exercise), psychosocial factors (feelings of sadness and depression, perceived level of stress, and marital status), and early life exposures (education and adulthood height).
Results
Mortality differentials by income level did not decrease after exclusion of subjects with severe chronic illness or functional limitation. Biological risk factors, health behaviours, and psychosocial factors caused minor reductions in relative risk for income levels. The ability of early life exposures to explain socioeconomic differentials in mortality was greater than that of biological risk factors, health behaviours, and psychosocial factors.
Conclusions The contribution of multiple pathways to socioeconomic differentials in all-cause mortality may vary in place with the different cause-specific structure of mortality. Future studies with specific pathway variables and specific disease outcomes would provide better understanding of causal mechanisms between SEP and health.
Keywords
Socioeconomic position, South Korea, mortality 1 of 8 longitudinal studies confirmed that socioeconomic differences in mortality were not due to artefact (numerator/ denominator bias). 9, 10 In addition, the contributions of biological risk factors and health behaviours, 9 area level material deprivation, 11 and childhood socioeconomic status were examined. 10 However, most prior studies exhibited some limitations. For example, in some studies populations were confined to a limited occupation or urban area. 9, 10 In other studies longitudinal data were not used. 11 Due to a paucity of information these prior studies could not examine the role of a wide range of variables. [9] [10] [11] The extent to which pathways explain the association between SEP and mortality has important implications for health and social policy. South Korea has demonstrated a different cause-specific Since the publication of the Black Report, 1 research efforts to explain the inverse relationship between socioeconomic position (SEP) and all-cause mortality have been common in the West. Studies have explored the role of various pathways: health behaviours, 2-6 material conditions, 5 psychosocial attributes, 3, 6 and early life exposures. 7, 8 Recently, investigations into socioeconomic inequality in mortality have increased in South Korea. Several structure of mortality than populations from North American and northern European countries where studies on pathways to socioeconomic mortality inequalities have been performed. Therefore, exploring the role of various pathways may be salient for the South Korean population. Unlike western countries, mortality from coronary heart disease (CHD) accounts for only 4-6% of all-cause mortality in South Korea. 12 Meanwhile, stroke, stomach cancer, and liver disease, which share early life exposures as important elements of their etiology, 8, [13] [14] [15] account for about 30% of all deaths. 12 This pattern remains true among males, females, adults, and the elderly. 12 Therefore, in South Korea, it is expected that early life exposure measures would demonstrate a greater ability to explain socioeconomic inequalities in all-cause mortality than risk factors closely related to CHD. However, the relative contribution of each of these pathway variables remains to be examined. The aim of this study was to examine the ability of different pathway variables to explain socioeconomic inequalities in mortality using representative longitudinal data of South Korea.
Methods

Study subjects
This study was approved by the Institutional Review Board of the Asan Medical Center, Seoul, South Korea. Data were obtained from the 1998 National Health and Nutrition Examination Survey (NHANES) conducted by the Korea Institute for Health and Social Affairs. Information was collected from a stratified multistage probability sample of South Korean households representing the civilian, non-institutionalized population. Additional details regarding study design and methods are provided elsewhere. 16 The survey was divided into four parts: (i) health interview survey, (ii) health examination survey, (iii) health behaviour survey, and (iv) nutrition survey. The health examination surveys contained unique 13-digit personal identification numbers (PINs) which were linked to data on mortality from the National Statistical Office (NSO) of Korea. The response rate of the health examination survey for adults aged 30+ was 86.5% (n = 6468). A total of 1.4% (n = 93) did not have a 13-digit PIN and 3.0% (193) did not participate in the health interview or health behaviour survey. The validity of PINs was checked with a validation programme, by which 11.5% (745) were ascertained to be invalid. Of the remaining 5437 respondents 242 died through December 2003.
SEP and outcome variables
The SEP indicator for this study was annual household income. Household income was measured as combined income from all sources of the respondent and his or her family members and divided into three categories: у$20 000; $10 000-$19 999; $0-$9999 (1 US$ = 1200 Korean won). The highest income group was the reference. More refined categories of income or equivalent income [i.e. household income Ϭ (household size) 0.5 ] showed similar results. The outcome variable for this study was all-cause mortality. Date of death was obtained from NSO death certificate data.
Pathway variables
The following variables were chosen because of their potential or known association with mortality risk.
Biological risk factors
Body mass index (BMI) was calculated by dividing body weight by height squared (kg/m 2 ) and grouped into four categories: Ͻ18.5, 18.5-24.9, 25.0-29.9, and у30.0. Blood pressure (mm Hg) was measured according to American Heart Association guidelines 17 and calculated as the mean of two successive readings. Blood pressure measurements were also grouped into three categories: Ͻ140, 140-159, and у160. Serum total cholesterol and glucose levels were measured after an overnight fast, using an autoanalyser (Hitachi 747; Daiichi, Tokyo, Japan). Levels of total cholesterol (mg/dl) were grouped into categories of Ͻ200, 200-239, and у240. Serum glucose (mg/dl) was grouped into categories of Ͻ110, 110-124, and у125.
Health behaviours
The health behaviour variables were based on self-reported information from respondents. For this analysis, cigarette smoking was classified as 'never smoked', 'former smoker', 'irregular smoker', 'daily smoker smoking Ͻ20 cigarettes per day', and 'daily smoker smoking у20 cigarettes per day'. Alcohol consumption was measured by questions on the current status of drinking, the number of days during the past month that the respondent drank, the average amount consumed per day. Quartiles of alcohol consumption were determined for drinkers and classified into six categories: 'non-drinkers', 'former drinker', and quartiles of alcoholic consumption. The lowest quartile was the reference. Exercise behaviour was measured by asking whether respondents exercised regularly in the past month. A 'no' response was the reference.
Psychosocial factors
The psychosocial factors measured were also based on selfreported information from respondents. Subjects were asked to report the frequency of feelings of sadness and depression during the past year. Responses were grouped into four categories: 'none', 'rare', 'often', and 'always'. Perceived level of stress was measured with a single question and response choice of 'nearly none', 'low', 'high', and 'very high'. Because it has been used as an important measure for social support and networks in prior research, 18 marital status was considered a psychosocial factor for this study. Marital status was categorized as married, never married, and divorced or separated.
Early life exposure
As in prior studies [19] [20] [21] [22] [23] education and adulthood height were used as proxies for early life exposure. Levels of education, determined by the highest level attained, were categorized as no formal education, elementary, middle, high school, and college. Adulthood height, measured as a component of the health examination survey, was categorized separately for males and females and grouped into three levels at the nearest tertile points.
Baseline health status
Baseline health status should be taken into account when pathways to socioeconomic health inequality are examined. 4, 5, 21 Subjects with severe illness may have changed their behaviours and probably affect the role of behavioural factors on socioeconomic health inequality. 5 The health selection hypothesis states when people become unhealthy they tend to move into a lower socioeconomic status. 24 This explanation of socioeconomic health inequalities can be partly examined by at Pennsylvania State University on April 23, 2014 http://ije.oxfordjournals.org/ excluding subjects with identifiable disease at the beginning of the study 21 or adjusting for baseline health status. In this study, two variables were used to measure baseline health status; (i) the number of severe chronic illnesses reported, and (ii) level of functional limitation. Using a checklist of 37 chronic conditions, respondents were asked whether they had any chronic illness during the past year. Respondents with severe chronic diseases (cancer, diabetes, stroke, heart disease, chronic obstructive pulmonary disease, chronic liver disease including liver cirrhosis, and chronic renal disease) were identified and the number of illnesses was recorded. The level of functional limitation was reported as no limitation, slight limitation, limitation in some major activities, and limitation in all major activities.
Analysis
All variables were coded as dummy variables. Cox proportional hazard models were used to estimate relative risks and their 95% confidence intervals (CIs) of mortality by income level and by single pathway variables, adjusted for confounders. Age-and gender-standardized percentages of respondents in each of the 12 pathway variables by income level were calculated with the direct method. The total number of subjects in this study (n = 5437) was the reference. Confidence intervals of age-and gender-standardized percentages were estimated. Three models were created to assess the contribution of each pathway variable on income-related mortality differentials: (i) model I adjusted for age (age and age square), gender, degree of urbanization (metropolis, small-and medium-sized city, and rural county), and number of family members (n = 5437); (ii) model II adjusted for the covariates in model I and two baseline health status variables (n = 5437); (iii) model III adjusted for the covariates in model I, in a sample without severe chronic illness or limitation in activities (n = 4173). The number of deaths in Model III was 98. The contribution of pathway variables was determined by the percentage reduction of excess risk for income level due to the inclusion of specific pathway variables to each of these three models. All statistical analyses were performed with SAS statistical software, 25 with a P-value of 0.05 considered statistically significant.
Results
Of 242 deaths, cancer and cardiovascular deaths accounted for 27.7% (n = 67) and 23.6% (n = 57), respectively. Liver cancer (n = 15), lung cancer (n = 14) and stomach cancer (n = 11) were the 3 leading causes of cancer deaths. Deaths from stroke (n = 33) accounted for 58% of cardiovascular deaths while CHD deaths were only 8. External causes (e.g. transport accidents, suicide) and respiratory diseases accounted for 10.3% (n = 25) and 9.3% (n = 23) of all deaths, respectively. Deaths from liver disease (e.g. liver cirrhosis) were 15 (6.2% of all deaths) while each of infectious diseases, diabetes, and mental disorders accounted for Ͻ4% of all deaths. Ill defined causes of death (senility, R54) were also found (n = 18, 7.4%).
Results in Table 1 show a graded increase in mortality risk according to household income level after adjustment for confounders (age, gender, degree of urbanization, and number of family members). As there was no evidence of a difference in the association between income and mortality when comparing the sexes (interaction test P = 0.13), data on men and women were combined. With the exception of serum total cholesterol, biological risk factors were shown to be significantly associated with mortality risk when adjusted for age, gender, and degree of urbanization. Increasing patterns in mortality were observed as systolic blood pressure and serum glucose levels increased. All three health behaviours (cigarette smoking, alcohol intake, and regular exercise) were significantly associated with mortality risk. Higher relative risks of mortality were detected in the highest levels of sadness/depression and stress as compared with the lowest levels. Subjects who never married or divorced/separated had greater mortality risks than those currently married. Differentials in mortality based on education level were observed with adjustment for age, gender, and degree of urbanization. Short stature was associated with higher mortality risk. Table 2 presents age-and gender-standardized percentage of pathway variables according to income level. Biological risk factors generally showed no differences in prevalence by income. The only exception was a BMI Ͻ18.5 kg/m 2 , which was more common in the lowest income level. Smoking and regular exercise were patterned by income level. The percentage of daily smokers who smoked у20 cigarettes per day was significantly higher in the lowest income group. The percentage of respondents who participated in regular exercise showed a graded pattern by income level, with those in the highest income group demonstrating higher levels of exercise. However, alcohol consumption showed no differences in standardized percentage by income. When examining psychosocial factors, respondents in the low income category reported a poor level of psychosocial status. The age-and gender-standardized percentage of respondents who reported feelings of sadness and depression as 'always' was over twice as high in the lowest income group than in the highest (15.4 vs 7.4%). Levels of stress rated at 'very high' were more common in the lowest income group. In addition, subjects in the lowest income group also showed a greater percentage of 'never married' and 'divorced or separated' as compared with the highest income group. Education attainment and adulthood height were also positively associated with income. Lower educational groups and lower height tertiles were more common in lower income groups and vice versa. Table 3 presents the relative risks of mortality by household income level in three models. Mortality differentials by income level did not decrease after exclusion of subjects with severe chronic illness or functional limitation. Four categories of pathway variables were added to the base models separately. In all three models, biological risk factors, health behaviours, psychosocial factors caused a minor reduction in relative risk for income level. The largest reduction in relative risk for income level was made by measures for early life exposures in all three models. When education and adulthood height were added to the three models, the resulting average percentage changes in relative risk were 13.7% (model I), 14.6% (model II), and 12.2% (model III).
Discussion
Results of this study show that biological risk factors and health behaviours, which include major established CHD risk factors, made small contributions to the reduction of excess mortality risks for subjects in the low income groups. The result was anticipated because age-and gender-standardized percentages
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at Pennsylvania State University on April 23, 2014 http://ije.oxfordjournals.org/ of respondents in each category were not patterned by income level (Table 2) . Only the worst categories of smoking behaviour and regular exercise showed significant differences according to income. In western developed countries low SEP was generally associated with poor cardiovascular risk factor profiles. 26 However, the relationship between SEP and risk factors changes in countries with different stages of economic development. [27] [28] [29] [30] High serum cholesterol level and obesity were associated with high SEP or urban residence in less-developed countries. 27, [31] [32] [33] Higher employment grades were associated with higher BMI in male Japanese workers. 34 The relationship between SEP and health behaviours such as smoking also varied with countries. 35 However, it should not be concluded that SEP had a neutral or no effect on biological risk factors in South Korea. Considering the rapid economic development that has occurred in South Korea since the 1960s, age-specific analyses would be more informative because different age cohorts can be assumed to have experienced different socioeconomic conditions over their lifetimes. 36 For instance, in this study the level of BMI among Daily smoker, Ͻ20 cigarettes 13.6 (11. Baseline model refers to model I, II, and III. b Adjusted for age (5-year age groups), gender, degree of urbanization (metropolis, small-sized and medium-sized city, and rural county), and number of family member (n = 5437). c Adjusted for the covariates in model I and two baseline health status variables (n = 5437). participants aged 30-39 was negatively associated with income level (P for trend = 0.03), while participants aged 60+ showed a positive association between income and BMI (P for trend = 0.002). In addition, higher income was associated with lower systolic blood pressure among the 30-39 age group (P for trend Ͻ 0.001) while no association was found among those aged 60+ (P for trend = 0.57). These changing or even reversing patterns in cardiovascular risk factors among age cohorts are probably attributable to a westernization of lifestyle which has accompanied South Korea's rapid economic development. Therefore, additional age-specific analyses on the role of pathway variables in this study may be warranted. These analyses were not possible, however, due to the small numbers of deaths in this study. Future larger longitudinal studies should include age-specific analysis.
Direct comparison of these results with prior reports in western countries is problematic because of differences in age distribution, SEP indicators used, and adjustment for confounders. In this study, there was no meaningful reduction of excess risk in all three models by inclusion of these pathway variables. Nevertheless, we may conclude that this study showed less explanatory power for biological risk factors and health behaviours on socioeconomic mortality differentials than western studies. Among Finnish men, a sizeable part of excess all-cause mortality risk among unskilled blue collar workers was associated with their unfavourable health behaviour. 2 The excess risk of all-cause mortality for the lowest income quintile was reduced 58 and 35% by adjustment for 14 biological risk factors and 3 behavioural risk factors (smoking, alcohol drinking, and physical activity) in Kuopio, Finland. 3 In the US, 12-13% of excess mortality risk for lower income groups was explained by 4 health behaviours: smoking, alcohol drinking, physical activities, and BMI. 4 These four variables caused about 50% reduction of excess all-cause mortality risk for lower educational groups in a Dutch longitudinal study. 5 One-third of the excess all-cause mortality was explained by smoking, blood pressure, cholesterol and glucose measured at the initial examination of the first Whitehall study in England. 37 Among Scottish men and women, smoking explained around 40% of the excess all-cause mortality. 6 Interest in psychosocial mechanisms in socioeconomic health inequality has increased during the past two decades, 22, 38, 39 but has also received criticism. 40, 41 In this study, any meaningful reduction of excess mortality risk was not achieved by adjustment for psychosocial factors in the three different models.
In life course perspectives, education can be seen as a measure of childhood socioeconomic circumstances while occupation and income are used as adulthood markers. 19, 20, 42, 43 Adulthood height, which is suggested to reflect childhood socioeconomic conditions as well as genetic factors, 21 was inversely associated with all-cause mortality and cause-specific mortality such as stroke and stomach cancer in South Korea. 23 Of multiple pathway variables, these indicators had the most important effect on the reduction of excess mortality risk although the size of the effect was not very large. Use of more direct measures for early life exposure, 15, 19, 20 which were not available in the 1998 NHANES data of South Korea, might have resulted in greater percentage changes in relative risk for lower income groups.
The reason why the ability of early life exposures to explain socioeconomic differentials in all-cause mortality was greater than that of biological risk factors, health behaviours, and psychosocial factors may lie in the cause-specific structure of mortality in the South Korean population. Galobardes et al. suggested that the relative contribution of early life socioeconomic disadvantage will depend on cause structure of deaths, which differs across countries and time periods. 15 South Korea, like several southern European countries, has a low rate of CHD. According to our analysis on causes of death for 242 decedents, only 8 (3.3%) died from CHD while 73 (30.2%) died from stroke, stomach cancer, liver cancer, and liver disease. This cause structure of deaths may have limited the role of well established CHD risk factors to explain socioeconomic mortality inequality while measures for early life exposure demonstrated a relatively greater explanatory ability of the pathway variables. Future studies with specific pathway variables and specific disease outcome would provide better understanding of causal mechanisms between SEP and health.
In this study, mortality differentials did not decrease significantly when those with severe chronic illness or functional limitation at baseline were excluded or the baseline health status was adjusted. This suggests that health selection associated with illness was not a major determinant.
This study has limitations regarding measurement of pathway and outcome variables. Although the precision of biological risk factors in this study would be high because measurements were made with well-designed quality control, 16 these factors were measured at a single point and thus do not represent exposure over a lifetime. Health behaviours and psychosocial factors were based on self-reported information from respondents. Psychosocial factors were rather simple and imprecise compared with prior studies. 3, 22, 44 In addition, only all-cause mortality was considered as the outcome variable due to small number of deaths.
Despite these limitations, this study contributes to the growing literature on socioeconomic health inequalities in Asian countries where mechanisms to these inequalities have been rarely explored. This study showed that the role of pathways to socioeconomic inequality in all-cause mortality may vary in place with different cause-specific structure of mortality. Future studies need to examine the contribution of specific pathway variables to specific disease outcomes.
